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^ "^^-Br ^^1-§- s^jl- ^ ^is^ 

AV7l ^is^ s^fl--^ ^^1^ ^7] -§-^^^> 

3E 1 

Hi ^ el = , a] ^oHl Bfl ol H , al ^ jx] l-s] ^ , ^sl ofl ^ ^^A>oi 
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{POSITIVE ACTIVE MATERIAL COMPOSITION FOR LITHIUM-SULFUR BATTERY AND 
LITHIUM-SULFUR BATTERY MANUFACTURED USING SAME} 

£ 1^ ^ ^^^^ ^^1<^1 1 ^^1 5^ ^^IS] A>oli- ^T^^ i4E)-^fl 

£ 2^ ^ ^Ajofl 1 1^;^] 3 ^ ^Alc^l 6 tfl^l 8^ ^^15] 

^V^^ll- i-lEi-^ :n.2fls. 

<3> Ol-g- «-o]:] 

<4> ^ ^v^ el*-% ^^1^ ''^^ #1-^ 2:^^!- ^ oil- A>-g-^l.o^ e] 
1--% ^^1<H1 ^oMl^>7fl^ ^^i-^o] -f^^H, 

^^^o] ^j:^ S^^l- ^ oil- A>-g-^> 

<^ ^^l-^l ^tl- ^Ojcf. 

<5> [#Hfl 7l^] 
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JL ollui;^! ^^o] ;^]^^o.^ ^^S^JL $X^^ , ^k"^}^ <?> 

<7> fill--* ^^1^ ^>-g-5l^ ^}^]7\ ^^}JL ^^^Sy^9l #^<^1^, 

M^l ^IM^l 3830 mAh/g^lJi, <^1M^1 

1675 mAh/g-2.5. oim^l ^£7> <^1^^^<H1 n^-E)- ^V7l 3i:^% 

<8> ole^*}- 5^1--% ^^1^ ^^(Sulfur-Sulfur comb i nat ion) 7}^]^ 

^''^ ^ ^^^^4^ ^^^1 -§-^ % 

Q\ ^S\-^7} ^4i^>JL. aV^^K^^^l) S5] ^V^^7> ^7m-^^] S-S 

<9> 5^1--% ^;^H]Ai oJ:^o. oj:^ 1:1-^, ^}o}t\, ^ -H-71 -g-nfl 

^^^lofl s^^H ^IS^t^. ^oM aV-ycl^ W^^m £^^1171- >^J-7l ^ 

^^IS^E^ ^^^1^1 ^1-^ ^Vcf. A>-§-£]^ ti> 
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<io> A-^ oj:^ ^5^# «J-^l^l-7l ^^l-o^, 5,919.587 

^(Moltech^V)'^!^ -S-S-S- ^711- i^^r]-^ ^7l%>^^ 1-^ 
(electroactive sulfur-containing material)^ ^-^1-^ ^7l#^j ^o] 

^S7im-<^l:E.(electroact ive transition metal chalcogenide)^ ^^"^ 

# ^37fll4^1= -§-^-floll ^7l#-^^ ^-g: ^ £^7111- ^ol <^^^- 

i4^1^7V ^7l%>^j 1:^^ JL^I-^AS ^i-^>:ii, -i-^^f^^ ^om. 

'^l «o^^^ ^^3.7]Mo]^7} 5|-*1-^<?I ^^^7l^ <?1^^S 

<ii> c]^ ^] 5,961,672 sKMoltech ^W]^ elfl- 

# 91^^^^ ^^<^14. ^7lA-l A>-g-t}: <y=^ Hf<yc1^^ 
TEFL0NTM(PTFE-K30, Aj-g-^o.^^ o] w><?lr:is -^^^ 7l]^oil cfl*!- 

ti^ 

^ ^^^lofl -^^^^-i^a ^ 5^#-% €^i-§- *y=^ * 

1-^ ^l^^l-^ ^olcf. 
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<i5> ^^^^}7] ^^M, ^ ^^^^ % ^<^^ 
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2:11-% ^^1^ ^l^t!:i=f. 

<17> ol^> ^x^^ V^^. ^^'^tl-Cf. 

<18> ^ Bl#-% ^^1^1 ^lS*>7l ^t!-, 

<i9> ^V7] ^^^1-^, 'a^^ ^ ^^flS. 

5]^, S^^>Jl ^S^H ^IStVcf. ^1^ ^ 

o> ^V4. -g-nfl^ ^<:^^-1^ ^^cf. -g-i.i]7> ^^^]^ ^ei 

^o] tij^o] ^o|.(D=2.07) ^^]^6\]A^ 7}^^7]] 3.^^] 

^5]-o]^, c:>HlEflolE ^B^ti]^ sqi-ElS.^ ^>i4 ^^Rl" ^V#^>31, 

'i^^^l^l ^^^^^1 -f^*>^, ^1^ ^7l5|-«)-al^S. 
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^^]^]^^ ^v-§-£i^ ^n^^ -g-^Hl -§-^5^^1 «><yi=1olcl.. 
41-71 c^HlBflolE^ ^^^^^1 l-elul'd 

<22> ojsq- ^o], 7-^^] H>oli;-^^ ^^jofl^^ -S-^S]^ 1- 

si- a>oit:-1i. ^7l 'a=^ S^^l-* ^1^^ 

-g-^^]7i^l ^ji -B-;^]^!^^ ^ ^01 7pj- H>^3i^>cf. o] 

-§-1^11^ N-i^l ^211-21 s.o]rf. ne^q. N-n11^2]l-sl^# ^}-%-^}<^ el#-% ^^1* 

^nj. ofulB}., ^oj-^ A}ol#ol ^^l^ol o^o^cf. e^l tb ^^Hl^ 

'?1^>':«1, zL-^<tV ^^H] 2i^t!: ^^1 51-::^ #elw]^5lc^ 
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1020000076694 ^^ 2001/8/17 

<24> ^ ^^'^^^l^-l, Wl-<yi=]^ til-^^^>7fl^ #5ltil^2]c^ 1-^^5:1-01^, 1- 

<25> St!:, al-^clo^ o]^ ^S.^^^ ^A^]^ ^MW: ^7>Al7l 

sl^l- ^>-S-* ^ :£ ^4. ^H<=^1^ 7]^ A>-g-si^ #slwi^5^ 

<26> ^ ^>-g-5l^ #&lWl^&l^jl #^-2-51-^]^, oHlEflojE^ 

10,000 ifl^l 5, 000, 000^1 ^-ir ^}-%-^^. 

<27> ^ i^VrgO] oj:^ 1"^ 7]^ W>"yc1» 5 30 S^*>0^ . 

-^elH ti]-'?It:-11- c-l^ AV-g-^ ^^<H1^, 71^ ia>oicl 5 30 ^ 
^%s]- oj-g- ti>oir:-1 2 tfl^l 20 ^^%^ ^^7] 7]^ 
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1=1 AV-g-ofl rnj-a ^ji|.7> ^^t^, ^^1- ^4^>^ ^-?-<=>fl^ ^^t^^^S. 

# ^ <^l^oi-* ^>-§-«- ^11:^ wl^^ ^^>^ 421- ^i^-s] 

S^^>^ ^^^1 ^1^^ ^-2.^ Sicf. 

<28> ^ S^^l-ollA^ #1:^^^ ^(elemental sulfur, 

Sg) ^^1 Li2Sn(n >1), Li2Sn(n >1)7> 7Mel-olE, o.7|^ 2}-^^ ^ ^ 

#5lnl[(C2Sx)n. X = 2.5 ifl^l 50, n > 2]S ol^o^^ 5-<Hl^^ ^^^^ 

<29> ^ ^^21 oj:^ ^7] ^^^^ «-l-^4 ^^1 <y= 

l^<^l^i ^**>7l] ol:^^>£^ 51-71 ^7] i^^m 

1-^^ #5l<^]-^fl, #5:1^1^^, 1-slsll: 

<30> ^ o^^^ 7flS^>7l ^tflA^^ ^xi, -^71 -g-nfloll 7!^ -§- 

§ll^>c^ til-olt:-! -g-oji^ ^ISti-cf. #sltH ti]-o]cl» r:-!^ Af^^ ;g 

-^-'^l^ 7l^ tifoiDisi- o]^ ^^A^ wf^c-ll- N,N-^i^mi#<^l-i^l:^, <^M 

ofl ^ 71-^1- Ji ^^^l-o^ uf^t:-! -g-^fl^: ;5ll2:^cf. 
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<3i> c£|7loll ^7l^ ^tt S^^fl* ^7}^}JL ^^Va]^ o] 

^^^11- >^>-§-^>iS Wl-^^5:>i:l-. ^^7]- 3.^^ Al 71:^* 

1-^. el* 7>^^^S ^^1-^ ^^^^ ^ ^ 

A>-§-^i:^. El* 

^^^^^ el#/<a:^tii^ Bl#/^<^^ Af-g-^ ^ oir|.. e] 

^Sl-£lc>1, sl# S^oj] -^3]-^ ^ o;^i:f. ojfif ul^^J inactive 

sulfur)^ ^o] o^ei 7>^1 ^7l^^^ 5E^ ^V-g-* <y=^^ ^7]5|-«^ 

tiV^ofl clo]^^ ^<^^ ^ ^^^^ %!- ^^^H, S.^^] ^A^^ 

sll- ^^9] protective layer)^^^^ ^^-i: 
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Sifl- o]^ ol^> ^;^]6\]A] o^tiV^o.^ A>-g-£^^ o^ttitV 

<34> ^ A>-g-5l^ ^^^^ ^1^1 ^^-g^S Sl^'g^ S.-^ 

^}JL, til^A^ -^71 -g-nfll- S^tVcf. ^^l^^Hl^i ^^^^ -B-71 

^nfl^ ^^§1 ^ ^^(Sg). 5lfl- ^Sl-ol:E.(Li2S), Hll- #2l^3l-^l^(Li2S n, 
n = 2, 4, 6, 8. ..)* ^ ^^^l^lfe ^* -^V-g-tb^. ^^71 -B-71 -g-DflS-^ «fl^, 

ilSiieflolH(LiBF4), e]fl- «iAl-l-^^so]-;^ltilol e (LiAsFe) . el* 3l€-S.EflolE 
LiC104) ^ ell- Ee]^^^^nii^^iuilolE(CF3S03Li)S. o]^oi^ ^6\]X] ^ 
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s}-^!- ^l^o^* ^>-§-^4. ^^^^ 0.5 vfl^l 2.0M^ 

^M^] ^^S-S. Al-§-^ ^ ojc^ oflAj. ^^^^ Al-g-^ ^^<^1^ Irel 

<37> ^1-71 >^fl3l5ll':>lB^^ l-S^^AS ^^^}^ 7]^3\. o]^^ 

^7l ^ o]^ ^^o] A>-g-^ ^ olcf. o]S^. ^7l ^ o]^ ^ 

-B-el ^^^(glass electrolyte), Jl^^> ^-flHl-^i ^ 

^, #elH]^<.llEfls. -f-ji]. 7^0. ^^^d] ^71 ^} 

-g-tl:4. ^^7] Jl^l ^l-Bfl^ ^sjeflojE^^ 20 nji^i-o^ o. 

71 -g-nfll- S.^^ ^ S. 9X^^. ^] ^^^]^ ^71 -g-nflo^ -R-^^^* #<:>l7l 
^^tb ^ 5l-W(geIling agent)* t:-]^ JL^^ ^ £ ^i:f. 

Al<^l^ ^ ^^^^ «>^2it!- <a ^^Hl-a ^ ^ ^^^*] ^>7]t!: ^Al<^l<Hl 

<39> (^Ajc^l 1) 
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^2^-0]:= (PVdF) «l-^t:-11- -§-«l]^>c»^ w>olt:-1 -g-on o. ^^fl^^i^cf, o] ta>oii:-1 -g-ofl 

<Hl ^1-^ ^^Htts] p) s.^^m ^y}^}^ ^, ^^'el 

20/zm ^£5. %(S8) ^7>*>c^ oj^V ^l^V^M 
60 : 20 : 20 

<4i> <y:^ ^^^^1-4 E)-^ Al S^^V 

^, 80°C ^S^<^lA-1 lA]^ ^SsrV^cf. oj^^H ^ 
^ ^^7} SO^zmol ^>o^ ^]3i^}^^. 

<42> -a-sl-sl^l Hl# ^<^^(^^1 50//m)^ ^>-g-^>^cf. 

<43> ^1^^ oj^^ ^^(60°C)<H1>| lA]:^ oj^l- ^ ^^7} 

^]o]S\^ MV^S #7lJl, mS-M. ^^]^^, <y=^az]- -S-^# oj-g- 

-^^1-5] ^"y-S* ^I2:3r>5^cf. o]i^, ^^ono.^^ IM LiS03CF37> 

l,3-t:l^#f5:, t^^Hl-'a, ^ifi- ^ t:1^1^^1<Hlf]: ^"^l-CSO : 20 : 10 
: 20 ^sla])^ Al-g.^V^4. 

<44> (tiliUc^l 1) 

<45> N-^l€3il#e1^(NMP) <y=^ ^eiE^ -^7] -g-nfloi] ^e^wl^sl^ 

^ ^^(tt3J1 P) £^7l]l- ^7HH ^, ^<J^ 20^ffli 

^ill^ %(S8) ^'t* ^7l-s:H 1-^5. *>^ol^l- iHuV^H €1-^ 
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60 : 20 : 20 ^V^cf. 

<46> ^cf^ ^l"^ ^B^e) S^^^l"* Al ^^^l<Hl 3.^^ 

^ ^^17]- 50/mi^l Sli^ s:>c«^ <y^^# /5ll2:*l-$it:f. 

<48> oJ:^o. ^^(60°C)^l^i 1^1^ C>1^> yj-^m ^ 'a-4i7> 

^I'HS]^ "^^S. ^7]JL, , ^^-^l <y=^4 oj-g. 

^V'^ stl ^ls^>5^cf. <^lnfl, ^^^-^S.^ IM LiSOaCFs 

71- -§-511^ l,3-i=l^#^, ^3£^ ^ clDfl^Ajolleho^ ^^#(50 : 20 : 

10 : 20 til) ^ A>-g.^>^cf. 

<49> ^aHi 1 ^ tiimc^i ^^11- ^^^H^i 24^1^ «11<^Hi^ ^ 

^-^S 711^ -g-^^ 110%, 1.8V O.IC isl 0.2C 3 

^ 0.5C 5*1 l.OC 1005) ^^l^l^cf. 1005] 

^7] -g-^# §1-71 X loll i^El-vflojrl-. 

<50> IS. 11 





-y.u||/a|.6|cj 




S7| H,"-^ -y-^LmAh/gJ 


^AHI 1 


DMF/PVdF -^f-g- 


60 


550 


«|5L^| 1 


NMP/PVdF -^l-g- ^^1 




10 



<5i> ^1-71 s loll M-El-^a ^oi, ^ahi el-1-% ^;^l7> hIjeoii is^ ^ 

XHI U]S11 ^71 -§-^^1 €^*1 ^-Sr ^ $1^. atb, tilJilc^l ISl 
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^^1^ 1005] ^-^^l^ -§-^^1 ^^^^^] ^^S. ^<^} AV-g-o] 1:7>^^]- 

<52> (^Ajc^l 2) 

<53> tifoicis 5x|^s:is.(pvp)^ A>-g-^>^ oj:^ ^e^e^ o.^^ ^ 

<54> (^Alo^l 3) 

<55> ti>oit:-ls c5HlEflolE(pvAc)* A>-g-^>ji oj:^ ^e^s:] o.^^ 

<56> (^Ajc^l 4) 

"d^m #^^e}-olH.£2l- #5]wl^ oHlBflo]Eo] ^^wlS 1 : IS ^1- 

^cf. ^IS^ w>oit;-1 -§-^-g- % 60 ^^%, ^s1-P 20 ^eisl7> 

29-18 



1020000076694 ^^ 'U^}- 2001/8/17 

MV^S. ^^c]-. ^>7l ^% ^ofl IM LiSOsCFgl- ^V-g-^V^ 1,3-^^ 

^(50/20/10/20 -f-^qul) ^t|]«_n^ ^o] 

<59> 5) 

421- ■g-'^^Ml -^Al^V^rf. 

, ^Al<^l 1-5^ yj-^-^S ^IS^ ^^15^ ^7] -g- 

^^^>S^-. 2:^^ ^J-7l ^Ajc^l 1-50^ ^^1^ ^l-^ofl^i 24^1 Olio] 

^, ^-^S ^-a^-^S 1.5~2.8V 2i:^^S. O.IC IS] 0.2C 3^1 

^«ol-^. 0.5C 55] l.OC 100^ ^^cJ-^-i: ^^ls:}^cf. ZL *l-7l 

<62> [a 2] 





6^^ «|-6|cj/-y-Dl| 




'i'-^i -§-^lmAh/gJ 


^^Hl 1 


PVdF/DMF 


11 


550 


-^^Hl 2 


PVAc/ACN 


44 


571 


^Ajc^l 3 


PXT/IPA 


52 


600 




PVdF/PVAcd : 1)/D.W 


50 


585 


^A|<^l 5 


PVdF/PVAc/PVP( 1 : 1 : 1)/DMF 


58 


594 
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<63> * pvdF: l-Bltii^e:!'^ s.s.^g:|.o]c 

<64> * pvAc: <5Hltfl°l:s 

<65> * pvp: ^sill-sls. 

<66> * DMF: N.N-t^^t^il^ 5cs.o].d1c 

<67> * ACN: 6>^fl£MS€ 

<68> * iPA: o]4^s^^ <^s. 

<69> ^7] S 2<^1 q-^^ ^4 ^o], ^X\c^] 4^5^ ^^1^ ^^1<^1 1 

^ ^ wj-^ -§-^^1 4-^^^ ^ $X^. SE*}-, ^X\6\] 4^5 

^ 3^Cf ^ ^^^MM- ^^*>7ll 14 

1=1^ 42^- ^^^1 ^711 ^7>^* 1- ^ Ximil%-44%). 

(571—600)^ ^^1-* ^o]Jl ^Jl, St!: 44%ol]Ai 52%^7>^1 #o>^ 
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<72> SEtb, ^^]^] 1 5^ ^^1^ ^><^1#<H1 o^^- -g-^(^>ol 

<73> (^A].:^! 6) 

^s^^dl l-^^et-ojcsq. ^EjH]^ o>^^]EflolEo] a]^^ ^^^]S. 1 : IS. ^1- 

^Cf. W>OlU-1 ^onoll % TT^l-Pl- ^7H1-J1 ^^^] ^^<Ux^7?}^] ^ 

20 : 20 ^>^cf. >S-7l #1-^ ^e^s1# ^J^-S^^ 

^n^. ^7] ^ofl iM LiSOsCFsl- '^^S. A>-§-^]-^ 1.3-^^^ 

i=l#2]-*a/^5L?^-/T^i^l^Al oi] ^(50/20/10/20 -¥-^^31) ;^«flofl^ "io^ 

^^1 ell- S^tcf. 
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<76> (^Alo^l 7) 

<78> (^Alo^) 8) 

<79> w]-^t:-1S Ji]l-E:iS.aZ)- ^a>o1:E.# A>-g-§>ZL, -§-nl]S. o] 

^M} ^A}^>^i::}-. 

<80> o]^ ^s}i^ w>oln}l- c-l^ A>-g-^V ^X}o^ ^7}^*h^ ^^^^ o^o} 

^^}-oi, -^1-7} ^A}c^} 1 i^;;^] 3 ^ ^A}c^} 6 tfl^l 8^ ^x} 
1- ^l-^^H}^-} 24A]^ <^}ol^i^ ^, ^-^S ^^A^ ^<a- 1.5~2.8V 
O.IC IS] 0.2C 3S] 0.5C 5sl ^^J"^, l.OC lOOs} ^^1 

^ ^7} ^^J^H ^ ^^1- ^]-7} S 3<^} M-B}- 

<8i> 3] 









-B-^UWgJ 


^^Hl 1 


PVdF/DMF 


11 


550 


-M^HI 6 


PVdF/PEO/DMF/DOX 


20 


576 


■^^Ic^l 2 


PVAc/ACN 


44 


571 


-M^Hl 7 


PVAc/PEO/ACNVDOX 


54 


590 


^^H] 3 


PVP/IPA 


52 


600 


^^Ml 8 


PVP/PEO/IPA/DOX 


60 


650 



<82> * pvdF: #e}w]^e}c^ #^^e}-c5}^ 
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<83> * pvAc: ^elti]^ o>^-ilEflolE 

<84> * pvp: ^l^s:!^. 

<85> * PEO: 

<86> * DMF: N,N-t:^d1]1 i#<i>^l:^ 

<87> * ACN: <i>>^-^]S.^M^ 

<88> * IPA: o]-^^^:^ <y^^ 

<89> * DOX: l,3-i^^^?3: 

<90> ^^7] K 3<^1 q-B]-^ ^o], ^X\<^] 1 ifl;^] 3 ^v]- w>olr:iS 

^ ^7H>^jI(19-50mAh/g), 8-10% ^7Hl-$i^# ^ S^cf. o]^ o]^ 

#21 #Sl<^im^ ^A>olH.7> H><?1C1S1 ^l-^A-] -^Aloll oJ:^:g. 

tfl^^lA-l o]^o^ o]:^^ «-^^l-7ll ^^$^71 nfl^^s. 

<9l> ^^Hl 1 vll^l 3. ^ ^^Hl 6 ^fl^l 8^1 e1f-% ^^1^ A|-o] 

^15^1*>J1^ ^^I'^l 2-3 ^ ^^Hl 7-8^ ^3|.7> 7^51 «l*5:>7fl M-El-^-g-^ ^ 
^^o] 7HJ- ^Bltil^E^c^ ^=0.2^.01^1- A>-g-*Vo1] 1421- ul-S: ^O.^ ^Jz}^ 
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<92> Ai-^^V ^o], ^ ^^ofl al-e^. e:il-% ^^]^ -g-^ 

oVu|5^- A>ol^ ^>.^ol 7l^S] ^^loll Hl^H ^711 *J=^o^5lSi-g- 

# <a: ^ 
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11 

^]^<^^ ^^]^ ^^5]^ '^l^i-^ i^^m «>^t>l; 

^si^ ^o] -a-71 -g-nfl 
2] 

3] 
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4] 

^1 1 %^<=>11 'y^^ ^(elemental sulfur, Sg), ^^1 

LigSnCn >1), Li2Sn(n >1)7> -g-tfl^ 7fl^5l-olE, -^71% ^^1- ^ # 
2l^[(C2Sx)n, X = 2.5 tfl^l 50, n ^ 2]^ ^1^^^ ^^=1^ 
^ % S^^m '^f^ 

5] 

[^^^J- 6] 
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71 

[^^^1- 81 

^1 6 oic>lA-^^ oj^ % ZL^I LigSnCn >1), LigS 

n(n >1)7> -g-^^ ^m^^]^, SF^l- ^ ^^-^ ^^^[(C2S^)n, X = 

2.5 ^^1 50. n > 2)S. <^]^<^^ ^ofl^i ^>M- % sl-^l"* i 

91 

o]^1-o^ -g-nl]o] xl^] . 
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10] 

3l#S5floiM(LiCI04) ^ elf- Sel*^^ST^1^^5£tilolE(CF3S03Li)S. oj^-oj 
11] 

^1 6 ^J-^l Sl<^^i. ^>7l ^^^^ slf-'S* 0.5 ifl^l 2.0MS1 3L^^> 
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